In the work presented here, the way of obtaining the phase with general formula Co 3+1.5x Cr 2-x (VO 4 ) 4 (0 ≤ x < 0.4) is demonstrated.
Introduction
The compound with formula Cu 3 Fe 4 V 6 O 24 exists in two polymorphic forms. Of the two, only the α-Cu 3 Fe 4 V 6 O 24 (lyonsite) form exists in nature. This polymorphic form crystallizes in the orthorhombic system and belongs to the Pnma space group with parameters of its unit cell as a = 10.296 Å, b = 17.207 Å, c = 4.910 Å, Z = 2 [1] . Under laboratory conditions, another polymorphous modification of Cu 3 Fe 4 V 6 O 24 was obtained. This form, recorded as β-Cu 3 Fe 4 V 6 O 24 , crystallizes in the triclinic system, the P-1 space group, where the unit cell parameters are: a = 6.600 Å, b = 8.048 Å, c = 9.759 Å, α = 106.08°, β = 103.72°, γ = 102.28°, Z = 2 [2] . Until now the phase with the lyonsite structure i.e. α-Cu 3 Fe 4 V 6 O 24 has not been obtained under laboratory conditions nor has any information pertaining to the temperature of the polymorphous conversion been established. The literature data report that the α-Cu 3 [6] and Co 3,6 Fe 3,6 V 6 O 24 occur [7] that are isostructural with lyonsite [6, 7] .
In a similar system of CuO-V 2 O 5 -Cr 2 O 3 , the Cu 3+1.5x Cr 4-x (VO 4 ) 6 phase, which exists in the homogeneity range 0,667 ≤ x ≤ 0,75, is produced [3] . Its structure with the stoichiometry expressed by the formula Cu 4,05 Cr 3,3 (VO 4 ) 6 is well-known. This phase crystallizes in an orthorhombic system, belongs to the Pnma space group with the parameters of the unit cell a = 4.89650 Å, b = 10.2035 Å, c = 17.1407 Å, Z = 2 [3] . However, the ternary system CoO-V 2 O 5 -Cr 2 O 3 has not been studied. The phase of the lyonsite structure with the formula Co 5 Cr 2.667 (VO 4 ) 6 has been reported in [8] . This compound was obtained by means of heating the mixture of the following oxides: Co 3 O 4 , V 2 O 5 and Cr 2 O 3 [8] .
The aim of the present work was to determine the formation of the phase(s) with the lyonsite structure in the CrVO 4 -Co 3 V 2 O 8 ternary system.
Experimental Procedures
The CrVO 4 [6, 7] being formed in the analogous
The components of the reaction mixtures were weighed in appropriate proportions, homogenized by grinding and pressed into pellets and subjected to heating in a resistance furnace. After each stage of heating, the pellets were ground and examined by XRD and DTA. The heating profile was established on the basis of the results of the tests performed by means of the DTA method while taking care that the reaction was conducted in the solid state. The samples were cooled in the furnace for 12 h until they reached room temperature.
The types of the phases occurring in each of the samples were determined with use of XRD. Diffraction patterns were obtained from a DRON-3 (Bourevestnik, Sankt Petersburg, Russia) type X-ray diffractometer, using the CoK α radiation and the Fe filter. The identification of the phases present in the samples was based on the X-ray characteristics contained in the PDF cards [10] and described in the literature [3, 6, 7] . In order to prepare the diffraction patterns, the program package for Powder Diffraction (DHN/PDF) was used [11] .
The research with the help of the DTA method was conducted using the derivatograph type F. Paulik -J. Paulik -L. Erdey (MOM, Budapest, Hungary). All the measurements were done on 1000 mg samples placed in quartz crucibles in air, within the temperature range of 20 -1000ºC and at the heating rate 10 K min -1 .
The density of the compound was determined as described by Kluz et al. [12] . The unit cell parameters of the phase obtained were calculated by using the program POWDER [13] . Exact positions of the diffraction lines were determined by the internal standard method with KCl as the internal standard (space group Fm3m, a = 0.6293 nm). (1) .
Results and Discussion
The range of the homogeneity of the phase with the lyonsite structure in the cross-section studied is in the (Table 1) , based on the results of the analysis with the XRD method, the phase of the lyonsite structure (curve a) and for comparison the diffraction pattern of Co 3,6 Fe 3,6 V 6 O 24 , generated on the basis of the structural data [7] (curve b).
The results presented in Table 1 confirm that Co 3 V 2 O 8 and CrVO 4 react with each other in the solid state, forming the phase with general formula Co 3+1.5x Cr 2-x (VO 4 ) 4 , where 0 ≤ x < 0.4. Fig. 2 demonstrates the DTA curves of select samples with monophase lyonsite structure. Two endothermic effects were recorded on all DTA curves. In order to explain the nature of these endothermic (Table 1 , sample No. 9) b -Co 3,6 Fe 3,6 V 6 O 24 , generated on the basis of the structural data [7] effects and also to establish the way of melting of Co 3+1.5x Cr 2-x (VO 4 ) 4 , the samples for x = 0; 0.222; 0.33 and 0.4 were additionally heated for 3 h at 870°C (x = 0 and x = 0.222) and 890°C (x = 0.33 and x = 0.4), which are at temperatures close to the extremum temperatures of the first endothermic effect recorded in the DTA curves of these preparations. After heating these samples, they were cooled rapidly to ambient temperature. XRD analysis of the partially melted preparations at these temperatures showed that they melt incongruently to deposit a solid corresponding to Co 3 V 2 O 8 .
In the course of the studies, it was observed that the phases obtained of the lyonsite structrure require a sustained and slow heating of the samples, since a very short time for the synthesis results in the product being a mixture of lyonsite and orthovanadates. These findings are confirmed by the results already presented in [8] , where the authors described the phases with the Co 5 Cr 2.667 (VO 4 ) 6 formula corresponding to Co 3+1.5x Cr 2-x (VO 4 ) 4 phase with x = 0.222. The method of the preparation described in the prior work [8] confirms that only one amongst the 4 initial mixtures prepared, has the composition located in the range of lyonsite existence (x = 0.222).
In order to analyse the change, the parameters of the unit cell of the phases obtained of the lyonsite structure and the powder diffraction patterns of three samples that were monophasic after the synthesis were subjected to indexing (Table 1, samples No. 9, 11, 12) . The relation of the unit cell parameters on concentration of the Co 2+ ions is presented in Table 2 . It follows from the information that the values of the parameters decline with an increase in the concentration of the Co 2+ ions in the samples examined. (Table 1) and of the DTA curves of all samples after having reached an equilibrium state. The temperatures of the solidus line was determined based on first endothermic effects (and not due to the effects of any polymorphic transition) recorded on the DTA curves of the samples investigated.
Conclusion
The results of the studies show that the components 1.
of incongruently with a dependence on the value x in the temperature range from 850°C (for x = 0) to 870°C (for x = 0.4).
The solid melting product is a cobalt(II) 4.
orthovanadate(V).
